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摘要: 采用间歇法合成了 N-马来酰化壳聚糖,用 FTIR 和1H-NMR测定其化学结构, 并进一步用偏光显微镜、扫描电子
显微镜研究其结晶形态.研究发现, 在 N-马来酰化壳聚糖的 N, N-二甲基甲酰胺溶液浇铸膜中,先出现常见的树枝
晶,然后观察到在树枝晶的末端生长出针状晶体和片状晶体两类不同的结晶形态 ,针状晶体最长为 200 Lm, 片状晶
体的宽度平均约为 20Lm.对于针状晶体, 分子链方向为轴向, 而对于片状晶体分子链垂直于晶片的长轴方向.
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中图分类号: O 636. 1 文献标识码: A                
  壳聚糖是一种结晶性生物大分子. 对于壳聚糖
及其衍生物的结晶结构已有较多的研究, 但结晶形
态的研究工作较少. Mazeau等[ 1]、Cartier等[ 2]和Pers-
son等[ 3]研究了单晶. 莫秀梅等[ 4]用偏光显微镜观察
到壳聚糖的乙酸溶液浇铸膜中存在球晶. 董炎明等






1. 1  原料与仪器
壳聚糖为山东甲壳粉厂产品, 粒度 100目,脱乙
酰度为91% (酸碱滴定法) , 分子量 4. 5 @ 105(粘度
法) .傅里叶红外光谱仪为美国Nicolet Avatar 360型,
KBr压片法; 核磁共振仪为美国Varian Unity Plus 500
MHz, 1H-NMR;偏光显微镜( POM)为日本 Olympus BH-
2; 扫描电子显微镜( SEM)为上海电子光学技术研究
所 DXS-10A 型, 样品预先溅射金膜, 加速电压 15
kV.
1. 2  N-马来酰化壳聚糖的合成
采用间歇法合成.于三颈烧瓶中,将 6. 0 g 的马
来酸酐溶于 100 mL 的 DMF, 加入 2. 0 g 壳聚糖, N2
保护下,迅速升温至 130 e 反应 3 h. 反应液倾入到
冰水混合物中,沉淀、抽滤, 乙醚洗涤数次,真空干燥
( 40 e ) .为得到更高取代度的产物, 将第一次反应后
得到的马来酰化壳聚糖按上述反应条件再重复一
次,即得到所需的产品.
1. 3  N-马来酰化壳聚糖的表征
产物与原料壳聚糖比较, 1 712 cm- 1出现一最强
峰,归属于共轭不饱和羧酸的 C= O振动峰. O上没
有发生反应,因为壳聚糖的 O上反应后生成的酯 C
= O振动应出现在~ 1 730 cm- 1.另一方面N上也没
有发生酰亚胺化,因为 N 上酰亚胺化后 C= O峰会
出现双峰. 1 635 cm
- 1
峰增强, 是 C= C伸缩振动峰
与酰胺 Ñ谱带振动叠加的结果, 825 cm- 1则为双键
上的 C-H 面外弯曲振动. 通过1H-NMR谱测得取代度
为 0. 79.




之间制成溶液膜, 在 20 e 培养晶体, 同时溶液膜逐
渐自然干燥成固态薄膜,定时用 POM或 SEM 观察.
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 图 1  5% (质量百分比, 下同)N-马来酰化壳聚糖/ DMF溶液浇铸膜的树枝状晶形态
( a) POM照片, ( b) SEM 照片
 Fig. 1 Micrographs of dendrtic crystals in 5% N-maleoyl chitosan/ DMF solution cast film
2  结果与讨论
2. 1  溶液浓度对结晶形态的影响
在N-马来酰化壳聚糖/ DMF 的溶液浇铸膜中首
先在 POM中观察到典型的树枝状晶(图 1a) .经 45b
插入石膏一级红波片检测, 分子链方向沿每一枝化
的方向.从 SEM 照片(图 1b)可以看到树枝状晶突出
在表面上,虽然未经刻蚀, 但仍有较大的反差, 这是
由于一边结晶一边干燥的结果.







 表1  溶液浓度对N-马来酰化壳聚糖/ DMF溶液浇铸膜结
晶行为的影响
 Tab. 1 Effect of the concentration of N-maleoyl chitosan solu-
tion on crystalline behaviors of N-maleoyl chitosan/
DMF solution cast films





10 ( no crystals)
15 ( no crystals)
20 ( no crystals)
 图 2 在 5% N-马来酰化壳聚糖/ DMF溶液浇铸膜中
从树枝状晶末端生长出的针状晶体的 POM 照
片
 Fig. 2 POM microphotographs of need- like crystals from the
ends of dendrtic crystals in 5% N-maleoyl chitosan/
DMF solution cast film
2. 2  针状晶体及其聚集体
有趣的是,在已出现树枝状晶的 N-马来酰化壳
聚糖/ DMF的溶液浇铸膜中再经过 2~ 3 d的结晶,
树枝状晶的端部长出针状晶体或片状晶体两类不寻
常的结晶形态.
针状晶体最长达 200 Lm(图 2) .在 N-烷基壳聚
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图 3  在 5% N-马来酰化壳聚糖/ DMF溶液中从树枝状晶末端生长出的片状晶体显微镜照片
( a)片晶挂在树枝晶末端( POM 照片) , ( b)挂在树枝状晶末端的片晶的细节( POM照片) ,
( c)片晶挂在树枝状晶末端( SEM 照片)
Fig. 3 Microphotographs of lamellar crystals generated from dendrtic crystals in 5% N-maleoyl chitosan/ DMF solution cast film
 图 4  在 5% N-马来酰化壳聚糖/ DMF溶液从树枝状晶末端生长出的片晶聚集体偏光显微镜照片
( a)片晶的树枝状堆砌, ( b)图 a 的细节, ( c)不同宽度片晶的连续堆砌
 Fig. 4 POM microphotographs of dendritic aggregates for lamellar crystals in 5% N-maleoyl chitosan/ DMF solution cast film
衍生物这类刚性链不易折叠, 倾向于按伸直链排列,
而分子量大小不一, 生长较快时来不及规则堆积, 导
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Crystalline Morphologies of N-maleoyl Chitosan
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Abstract: N-maleoyl chitosan was synthesized through two successive steps, and its chemical structure characterized by
FTIR and confirmed by
1
H-NMR. Degree of subst itut ion for maleoyl group in N-maleoyl chitosan is 0. 79. Compared to
chitosan, solubility of N-maleoyl chitosan in common organic solvent is of great enhancement . It can easily be soluble in
dimethyl sulfoxide ( DMSO) , N , N-dimethyl formamide ( DMF) , N , N-dimethyl acetamide ( DMAc) and formic acid
(FA) . Crystalline morphology of N-maleoyl chitosan is focused on in this paper. The polarized optical microscopy and
scanning electron microscopy were used to study its crystalline morphologies. Dendrit ic crystals, needle- like crystals and
lamellar crystals were found in N-maleoyl chitosan/ DMF solut ion cast films. Dendritic crystals appeared in different t ime
with different concentrat ion.With increasing the concentration of N-maleoyl chitosan, the time which dendritic crystals ap-
peared was longer. It attributed to the rigid segment of N-maleoyl chitosan.Two or three days after dendritic crystals ap-
peared, it was also found that needle- like crystals and lamellar crystals grew on the ends of the dendritic crystals. The
maximum length of needle- like crystals was about 200 Lm, and the average width of lamellar crystals was around 20 Lm.
The director of molecular chain is different in the need- like crystals and lamellar crystals. In the former, the extended
molecular chains were parallel to long axis; in the latter, however, the extended molecular chains were perpendicular to
long axis.
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